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Background: Isolated high home systolic blood pressure (IH-HSBP) has been revealed to be

correlated with cardiovascular disease and diabetic nephropathy, however, the prognostic

significance of IH-HSBP with the development of diabetic nephropathy is unclear.

Methods: In this prospective 2-year cohort study of 477 patients with normoalbuminuria,

we investigated the effect of IH-HSBP on the development of diabetic nephropathy defined

by diabetic nephropathy advanced from normoalbuminuira to micro or macroalbuminuria.

Results: Among 477 patients, 67 patients showed the development of diabetic nephropathy.

In the multivariate logistic regression analyses, IH-HSBP was prognostic factor for the

development of nephropathy after adjusting for sex, age, duration of diabetes mellitus,

body mass index, total cholesterol, hemoglobin A1c, creatinine, smoking habits and use

of renin-angiotensin-aldosterone system inhibitors (odds ratio: 2.53, 95% confidence inter-

val: 1.16–5.56, p = 0.020).

Conclusion: IH-HSBP in patients with type 2 diabetes with normoalbuminuria was prognos-

tic factor for the development of diabetic nephropathy. We should pay more attention to

IH-HSBP to prevent the development of diabetic nephropathy.
� 2019 Published by Elsevier B.V.
Prefectural

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2019.107920&domain=pdf
https://doi.org/10.1016/j.diabres.2019.107920
mailto:emis@koto.kpu-m.ac.jp
https://doi.org/10.1016/j.diabres.2019.107920
https://doi.org/10.1016/j.diabres.2019.107920
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres


2 d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 5 8 ( 2 0 1 9 ) 1 0 7 9 2 0
1. Introduction

Isolated systolic hypertension (ISH) is defined that systolic

blood pressure (SBP) is disproportionately high compared

with diastolic blood pressure (DBP) [1]. In particular, SBP is

elevated because of mechanical properties of large vessels

such as a decrease in arterial compliance [2–4]. It is the most

common hemodynamic form of hypertension in elderly

patients [5]. In the previous studies, ISH was shown to be a

risk factor for mortality of cardiovascular disease [6,7].

Home-measured blood pressure (HBP) control is essential

to prevent diabetic complication [8], especially diabetic

nephropathy [9]. Furthermore, development of diabetic

nephropathy is a risk factor for cardiovascular events and

mortality [10–12].

We assumed that ISH assessed by HBP (home ISH), plays

an important role in the development of diabetic nephropa-

thy. However, no reports provided the relationship between

ISH and diabetic nephropathy in patients with diabetes. The

aim of the current study is to examine whether home ISH

have a prognostic significance on the development of diabetic

nephropathy in patients with type 2 diabetes.

2. Materials and methods

2.1. Study design

We used the same resources in our previous study work,

which is based on data from the HBP cohort of type 2 diabetes

patients who had regularly attended the diabetes outpatient

clinic at the Kyoto Prefectural University of Medicine Hospital

or other general hospitals located in the Kansai area in Japan

(KAMOGAWA-HBP study) [13].

We evaluated the prognostic significance of HBP for the

development of diabetic nephropathy in patients with type

2 diabetes. Nephropathy was graded as follows: normoalbu-

minuria, urinary albumin/creatinine ratio (UACR) less than

30 mg per gram of creatinine (mg/g Cr); microalbuminuria,

30–300 mg/g Cr; or macroalbuminuria, more than 300 mg/g

Cr [14]. We defined the development of diabetic nephropathy

when the stage of diabetic nephropathy advanced from nor-

moalbuminuira to micro or macroalbuminuria during the

two years. All methods of the present study were approved

by the local Research Ethics Committee and were conducted

in accordance with the Declaration of Helsinki, and informed

consent was obtained from every patient.

2.2. Data collection

We took blood samples for biochemical measurements in the

morning. Serum lipid profile (triglycerides, low-density

lipoprotein cholesterol and high-density lipoprotein choles-

terol), creatinine, hemoglobin A1C (HbA1c), and other bio-

chemical data were determined by standard laboratory

measurements. UACR was measured with an immunoturbidi-

metric assay. A mean value for UACR was determined from

three urinary measurements. HbA1c was used as National
Glycohemoglobin Standardization Program unit as recom-

mended by the Japan Diabetes Society [15]. Patient‘s data,

including sex, age, duration of diabetes, smoking and alcohol

drinking status and antihypertensive medication were

obtained concurrently with HBP measurements. Neuropathy

was defined by the diagnostic criteria for diabetic neuropathy

proposed by Diagnostic Neuropathy Study Group [16]. In sim-

ple terms, it is essential that the absence of peripheral neu-

ropathies other than diabetic neuropathy in diabetic

patients. Furthermore, diabetic neuropathy is defined as two

or more abnormalities among three neurological examination

items: the presence of sensory symptom caused by diabetic

neuropathy, decreased or absent Achilles tendon reflex (bilat-

eral) and decreased vibratory sensation on bilateral medial

malleolus diagnosed by a C128 Hz tuning fork. We defined

macrovascular complication as having a medical history of

cardiovascular disease, cerebrovascular disease or arterioscle-

rosis obliterans in the past. Alcohol drinking status (everyday,

social or never) and smoking status (current, past or never)

were assessed by interview.

2.3. HBP measurements

We instructed the patients to perform triplicate morning and

evening BP measurements for 14 consecutive days, and calcu-

lated mean of the three measurements per morning and

three per evening each day.

We classified BP categories as normal HBP (morning

SBP < 125 mmHg and morning DBP < 75 mmHg), isolated high

home SBP (IH-HSBP; morning SBP = 125 mmHg and morning

DBP < 75 mmHg), isolated high home DBP (IH-HDBP; morning

SBP < 125 mmHg and morning DBP = 75 mmHg), and high

HBP; morning SBP = 125 mmHg and morning

DBP = 75 mmHg) [17].

We indicated patients that measurements of morning BP

were made within 1 h of awakening, before breakfast or tak-

ing any drugs, with seated and rested for at least 5 min [18].

The evening measurements of BP was obtained in the same

methods before going to bed. The cuff was placed around

the patient‘s non-dominant arm and the position of the cuff

was maintained at the level of the heart. HBP measurements

were executed using an automatic device, HEM-70801C

(Omron Healthcare Co. Ltd, Kyoto, Japan), which uses the

cuff-oscillometric method to generate a digital display of

SBP/DBP values and heart rate. HEM-70801C uses the same

components and BP determining algorithm to those of

another device, HEM-705IT, which was previously validated

and satisfied the criteria of the British Hypertension Society

protocol [19].

2.4. Statistical analysis

Baseline characteristics were summarized by median with

interquartile range or numbers. Logistic regression analyses

were used to investigate the relationship between the devel-

opment of diabetic nephropathy and IH-HSBP, IH-HDBP and

high HBP, using normal HBP as a reference group. To adjust
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the effects of various factors on the development of diabetic

nephropathy, the following factors, which were known risk

factors for the development of diabetic nephropathy, were

considered as covariates: sex, age, duration of diabetes, body

mass index, total cholesterol, hemoglobin A1C, creatinine,

smoking habits and use of antihypertensive medication

(Model 2), and additional adjustment for use of renin-

angiotensin-aldosterone system inhibitors instead of use of

antihypertensive medications (Model 3).

Moreover, we performed the subgroup analyses. Subgroup

factors were age (equal to or more than 65 years old and less

than 65 years old) and use of antihypertensive drugs (the

presence and the absence of antihypertensive medication). P

values <0.05 were considered statistically significant. The sta-

tistical analyses were performed using the JMP version 13.2

software (SAS Institute Inc., Cary, NC, USA).

3. Results

HBP monitoring program recruited 1414 consecutive patients

with type 2 diabetes, aged between 20 and 90. Sixty-four

patients were excluded since insufficient data on HBP values,

and 439 patients were also excludedwhose data of UACR were

not available. In addition, 121 patients who were newly pre-

scribed with angiotensin II receptor blocker (ARB) or

angiotensin-converting-enzyme inhibitor (ACE-I) or stopped

with them during follow-up, 313 patients whowere diagnosed

with microalbuminuria or macroalbuminuria were also

excluded. Finally, 477 patients with normoalbuminuria com-

prised the study population (Fig. 1). The diagnosis of type 2

diabetes was according to the American Diabetes Association

criteria [20].

Among 477 patients with normoalbuminuria at baseline,

66 patients developed to microalbuminuria and 1 patient to

macroalbuminuria after 2 years.

Clinical characteristics of patients are shown in Table 1.

Median (interquartile range) age, duration of diabetes, BMI,

total cholesterol and hemoglobin A1C was 64.0 (59.0–71.0)
Fig. 1 – Study flow diagram for the registration of patients.
years, 9.0 (4.0–15.0) years, 23.2 (21.4–25.5) kg/m2, 189 (168–

210) mg/dL and 7.0 (6.6–7.6) %, respectively. The unadjusted

odds ratio (95% CI) of IH-HSBP, IH-HDBP and high HBP, using

normal HBP as a reference group for the development of dia-

betic nephropathy was 3.27 (1.64–6.53), 0.30 (0.04–2.32), and

1.74 (0.88–3.42), respectively (Table 2). In the multivariable

logistic regression analyses, IH-HSBP was also associatedwith

the development of nephropathy in Model 2 (OR: 2.63, 95% CI:

1.20–5.76, p = 0.016), and in Model 3 (OR: 2.53, 95% CI: 1.16–

5.56, p = 0.020) (Table 2).

We have performed the subgroup analyses according to

the presence or absence of antihypertensive medications. In

patients with antihypertensive medications, the adjusted

odds ratio (95% CI) of IH-HSBP, using normal HBP as a refer-

ence group for the development of diabetic nephropathy,

was 6.16 (1.38–27.54) (Table 3). In patients without antihyper-

tensive medications, the adjusted odds ratio (95% CI) of IH-

HSBP was 2.73 (0.58–12.80) (Table 3).

We have also performed the subgroup analyses by age. In

patients with equal to or more than 65 years old, the adjusted

odds ratio (95% CI) of IH-HSBP, using normal HBP as a refer-

ence group for the development of diabetic nephropathy,

was 3.32 (1.14–9.65) (Table 4). In patients with less than

65 years old, the adjusted odds ratio (95% CI) of IH-HSBP,

was 3.00 (0.62–14.44) (Table 4).

4. Discussion

IH-HSBP independently predicted the development of diabetic

nephropathy after adjustment for potential confounders

including sex, age, duration of diabetes mellitus, body mass

index, total cholesterol, hemoglobin A1c, creatinine, smoking

habits and use of antihypertensive medications in patients

with type 2 diabetes. Previous studies revealed that elevated

HBP in patients with diabeteswas a risk factor for target organ

dysfunction [21]. We previously reported that elevated HBP in

patients with diabetes was associated with increased diabetic

nephropathy [22]. Furthermore, patients with diabetic

nephropathy have high coronary events compared with

non-diabetic patients [23]. Therefore, preventing the develop-

ment of diabetic nephropathy can lead to a reduction of

patients who need to be treated for coronary heart disease.

The close mechanism how IH-HSBPmakes progress in dia-

betic nephropathy is still unclear. The possible common

mechanism between IH-HSBP and the development of dia-

betic nephropathy might be arterial aging [24,25]. Sixty to

ninety percents of older adults tend to rise SBP with age

[26], and more than sixty percents of older people with hyper-

tension have ISH [27]. ISH is a result of reduced elasticity and

compliance of large arteries and atherosclerosis [28,29]. Fur-

thermore, ISH is a consequence of increased aortic stiffness

and reduced aortic diameter, which lead to mismatch

between pressure and flow and consequently increase the

forward wave amplitude, contribute to high SBP [30]. Thus,

ISH may be indicative of an early clinical stage of hyperdy-

namic circulation preceding the development of increased

peripheral vascular resistance [31,32]. Previous studies sug-

gested that high SBP may interact with an impaired kidney

function to augment its deleterious effect on the cardiovascu-



Table 1 – Characteristics of patients.

Male/female 252/225
Age (y) 64.0 (59.0–71.0)
Duration of diabetes (y) 9.0 (4.0–15.0)
Body mass index (kg/m2) 23.2 (21.4–25.5)
Mean morning systolic blood pressure (mmHg) 128.8 (117.2–137.8)
Mean morning diastolic blood pressure (mmHg) 72.7 (66.5–79.6)
Mean evening systolic blood pressure (mmHg) 123.4 (115.1–133.3)
Mean evening diastolic blood pressure (mmHg) 67.7 (61.8–73.9)
Clinic systolic blood pressure (mmHg) 135 (123.7–145.3)
Clinic diastolic blood pressure (mmHg) 76.3 (69.3–83.7)
Hemoglobin A1c (%) 7.0 (6.6–7.6)
Hemoglobin A1c (mmol/mol) 52.0 (48.6–59.5)
Total cholesterol (mg/dL) 189 (168–210)
Triglycerides (mg/dL) 109 (80–156)
Creatinine (mg/dL) 0.70 (0.59–0.83)
Smoking (never/previous/current) 258/125/65
Drinking (everyday/social/never) 96/92/263
Retinopathy (NDR/SDR/pre PDR, PDR) 353/61/33
Neuropathy (-/+) 360/110
Macrovascular complication (-/+) 385/86
Antihypertensive medication (-/+) 247/230

For categorical variables, n (%) is presented. For continuous variables, median (interquartile range) is presented. NDR, no diabetic retinopathy;

SDR, simple diabetic retinopathy; PDR, proliferative diabetic retinopathy; RAS, renin-angiotensin-aldosterone system.

Table 2 – Unadjusted and adjusted odds ratios for the development of diabetic nephropathy.

Hypertension status (n) Model 1 *Model 2 **Model 3

Unadjusted OR (95%CI) P Value Adjusted OR (95%CI) P Value Adjusted OR (95%CI) P Value

Normal HBP group (166) 1 1 1
Isolated high HSBP group
(106)

3.27 (1.64–6.53) 0.001 2.63 (1.20–5.76) 0.016 2.53 (1.16–5.56) 0.020

Isolated high HDBP group
(35)

0.30 (0.04–2.32) 0.246 0.45 (0.06–3.68) 0.457 0.49 (0.06–3.98) 0.503

High HBP group (170) 1.74 (0.88–3.42) 0.112 1.81 (0.83–3.94) 0.133 1.79 (0.82–3.89) 0.142

HBP, home-measured blood pressure; HSBP, home systolic blood pressure.
* Model 2: Odds ratios were adjusted for sex, age, duration of diabetes mellitus, body mass index, hemoglobin A1C, total cholesterol, creatinine,

smoking habits and use of antihypertensive medications.
** Model 3: Odds ratios were adjusted for variables in model 2 and additional adjustment for use of renin angiotensin system inhibitors instead

of use of antihypertensive medications.
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lar system [33]. Aortic stiffness is associated with incident

albuminuria and the rate of decline in glomerular filtration

rate in patients with type 2 diabetes [34].

Several studies have reported that the serum levels of

advanced glycation end products (AGEs) are elevated in the

patients with high SBP compared to DBP [35-37]. Additionally,

It has also been indicated that age-related vascular changes

would be accelerated by AGEs in patients with diabetic

nephropathy [38,39]. Therefore, AGEs might be involved in

the development of diabetic nephropathy by ISH. AGEs depo-

sition can occur in the arterial wall, as largely on collagen

causing pathological cross-linking [40]. In addition, AGEs

may contribute to an increased collagen content in arterial

walls, and promote arterial stiffness [41]. Moreover, nitric

oxide (NO) dysregulation may lead to arterial stiffness and

activate sympathetic nerve [42], which leads elevated SBP

[43]. NO level is known to decrease in patients with diabetic
nephropathy [44]. By these mechanisms, AGEs deposition

and a decrease in production of NO might lead to the associ-

ation of IH-HSBP with the development of diabetic

nephropathy.

In subgroup analyses according to the presence or absence

of antihypertensive medication, IH-HSBP in patients with

antihypertensive medication was a prognostic factor for the

development of nephropathy, whereas, those without antihy-

pertensive medication was not. In our study, 223 (46.8%)

patients were treated with antihypertensive medication.

Despite of the medication, HSBP in patients with antihyper-

tensive medication was higher than that in patients without

(132.78 mmHg vs 123.76 mmHg, P < 0.0001), and the crude

proportion of the development of nephropathy in patients

with antihypertensive medication was also larger than that

without (20.0% vs 8.5%, P = 0.0003). Therefore, the association

between IH-HSBP and the development of nephropathy in



Table 3 – Unadjusted and adjusted odds ratios for the development of diabetic nephropathy in patients with and without
antihypertensive medications.

Hypertension status (n) Model 1 *Model 2

Unadjusted OR (95%CI) P Value Adjusted OR (95%CI) P Value

With antihypertensive medication (n = 230)
Normal HBP group (60) 1 1 1
Isolated high HSBP group (62) 3.98 (1.46–10.83) 0.007 6.16 (1.38–27.54) 0.017

Without antihypertensive medication (n = 247)
Normal HBP group (106) 1 1 1
Isolated high HSBP group (44) 2.04 (0.71–5.87) 0.187 2.73 (0.58–12.80) 0.203

HBP, home-measured blood pressure; HSBP, home systolic blood pressure.
* Model 2: Odds ratios were adjusted for sex, age, duration of diabetes mellitus, bodymass index, hemoglobin A1C, total cholesterol, creatinine,

smoking habits.

Table 4 – Unadjusted and adjusted odds ratios for the development of diabetic nephropathy in patients equal to or more than
65 years old and less than 65 years old.

Hypertension status (n) Model 1 *Model 2 **Model 3

Unadjusted OR (95%CI) P Value Adjusted OR (95%CI) P Value Adjusted OR (95%CI) P Value

=65 years old (n = 235)
Normal HBP group (77) 1 1 1
Isolated high HSBP group (78) 2.63 (1.15–6.02) 0.022 3.33 (1.14–9.69) 0.028 3.32 (1.14–9.65) 0.028

<65 years old (n = 242)
Normal HBP group (89) 1 1 1
Isolated high HSBP group (28) 2.80 (0.70–11.25) 0.147 3.60 (0.75–17.37) 0.111 3.00 (0.62–14.44) 0.171

HBP, home-measured blood pressure; HSBP, home systolic blood pressure.
* Model 2: Odds ratios were adjusted for sex, age, duration of diabetes mellitus, bodymass index, hemoglobin A1C, total cholesterol, creatinine,

smoking habits and use of antihypertensive medications.
** Model 3: Odds ratios were adjusted for variables in model 2 and additional adjustment for use of renin angiotensin system inhibitors instead

of use of antihypertensive medications.
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patients without antihypertensive medication might be

weaker, compared to that in patients with antihypertensive

medication.

In age-specific analysis, IH-HSBP in patients aged 65 or

more was positively associated with the development of

nephropathy, whereas, those under 65 years old was not.

One of the possible reasons of this result is that mean of

SBP in patients aged 65 or more was higher than that in

patients under 65 years old (130.57 mmHg vs 125.72 mmHg,

P = 0.0005). Furthermore, in the group of aged 65 or more,

the proportion of patients with development of nephropathy

were also larger than in the group under 65 years old

(20.43% vs 7.85%, P < 0.0001). Therefore, the association

between IH-HSBP and the development of nephropathy in

patients under 65 years old might be weaker, compared to

that in patients aged 65 or more.

Our study has several limitations. First, the length of our

study was relatively short-term, therefore, the statistical

power might be limited. Second, high salt intake could lead

to increase in BP and peripheral vascular resistance [45]. In

addition, most patients with diabetes may have salt sensitive

hypertension. Therefore, salt restriction could result in stron-

ger effects of reducing prevalence of hypertension as well as

diabetic nephropathy [46]. However, we did not have the data
of them. Third, protein intake is also associated with develop-

ing of diabetic nephropathy [47]. In addition, there is also evi-

dence showing the beneficial effects of exercise in diabetic

nephropathy [33]. However, we did not have the data of them.

If we had the data, we could more clearly identify the prog-

nostic significance of HBP for the development of diabetic

nephropathy.

In conclusion, we demonstrated, for the first time, that IH-

HSBP in patients with type 2 diabetes was a prognostic factor

for the development of diabetic nephropathy in this prospec-

tive 2-year cohort study. Therefore, we should focus more on

IH-HSBP to predict and prevent the development of diabetic

nephropathy.
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